Anisotropic Behavior of Decomposed Granite Soils
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1. Introduction

tal compression tests were performed on compacted
heen

A series of unsaturated-drained i
Decomposed granite soil was used as this type of material has generally
he tests were planned to find not only the
hut also the

materials,
adopted previously as a construction material, 7l
degree of anisotropy for the sedimentation angle of the compacted material,
. degree of saturation and specimen preparation method on

influen of the confining stres

the anisotropic properties.

2. Material Propertics and Test Mcthods

The physical properties of the sample are shown in Table 1
The quartz, feldspar and colored mineral contents of this sample were about 23, 62 and

15%, respectively
Table 1. Physical propertics of the soil used
Grain size Tygnition
anple Gs ] emac ] 0 | di Je P
mm) Toss(96)
granite soil 268511116 183 7.4 1,743

2.2 Sample Preparation
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The rectangular sample was fro at under 5=90°

20°C  followed by lindrical  trizxial sean
compression of the specimens into a S0mm >

diameter and 100mm height using a core bit >

machine, as shown in Fig. 1. The sample had et
three  different  angles  of  the  axial(maj

principal)  direction  to  the i

planelcompaction plane, 0, 45 and 90 degrees. Sedimentation plane.

Fig 1. Schematic diagram of the
sedimentation angle
2.3 Test

Unsa 2 ined triaxial ¢ ession tests were carried out on the specimens at a
constant strain rate of 0. Imm/min. A double cell in the apparatus was equipped to measure
the volume change of the specimien. The axial strain was measured using the gap scasor of
up to 20% during the consolidation and initial part of the shear process.

The specimens were set up under a 20kPa confining pressure, with melting for about 6
hours. After this, confining pressures up to, 30, 60, 120 or 240 kPa were applied for times of
I or 10hours, in order to find the time of the i i of the
unsaturated compacted materials,

3. Test results

3.1 Effect of the i ion angle on the ion settlement

Fig, 2 shows the relationship between the clapsed compression time and the axial strain for
a sample subjected to a 60kPa confining stress. The amounts of axial strain during the
primary and sccondary compressions were referred to as S and S, respectively, as shown in

Fig. 2.

IFig. 3 shows the relationship between the axial strain and time under the conditions of
60kPa of confining pressure and 10 hours compressive stress. The arrow in the figure
represents the moment the load ended. As & of the specimen decreased from 90° o 0°, the

axial strain Sy increas
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Fig 2. Relationship between axial strain, axial  Fig 3. Relationship between axial strain and

load and compression time compression




Fig. 4 shows the cffect of the confining pressure on the relationship between the axial
ve stress for samples subjected to 30, 60, 120, 240kPa
ccimens with §=00°. A

ased. The armows

strain and the duration of compressi

confining pressures for

s the confining stress iv

eased, the amount

of axial strain S also b

in the figure repre:

ent the moment the load

ended. Then, the amount of axial strain, Su was approximately the same for all confining
conda

re

. The behaviour of deformation during the

on proc verified

w

as not having any dependency on the confining st

Tig. & demonstrates the relationship between the duration and axial
compre

strain in the secondar
ion process from Fig. 3. From Fig. 5, with longer duration, the rate of decrease
became gentler, In addition, the behavior of deformation during the sccondary compre

ion
process was dependent of &, The influence of the sedimentation angle did not appear in the

secondary compression process. Sy was considered to be related to the particle rearrangement

and decrease suction factors due to the compression.
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Fig 4. Relation between axial strain and o .
# Fig 6. Relationship between Sy and t-t,

compression

3.2 Effect of the sedimentation angle on the strength

In order to invi

igate the shear property of the compacted specimen with 90, 45 and 0

degree sedimentation angles, drained triaxial compre:

on tests were performed. The deviator

stresseaxial strain and axial-volumetric strains diagrams for the specimen compressed at
120kPa are shown in Fig. 6. The deviator stress was defined by q=(6;-6).

In this result for the stress-strain relation, the deviator stres
stress points, which then slowly deceased.

showed a clear maximum
d from (° 1o 90°, the
Gmas also increased, but the axial strain at o
decreased. In addition, the dilatancy rate at the point of failure increased with increasing 8.
Fig. 7 shows the change in the deviator stress obtained for strains up (o 005 % for the

the value of & increas

maximum value of the deviator str

specimens the same refation

shown in Fig. 6.
foung's modulus at 0.001% strain and the mean
principal stress, p. The modulus increased o a lineawr relationship, having a slope of 0519,
Comparing the dependency for general soil(soll materials of no cementation), which is known to be
05 (for example, Hardin and Richart, 1963 Hardin and Black. 1969), the compacted material was
found to have approximately the same dependency.

Fig. & shows the relation between the &

ecant




In addition, the & had no influence on the

dependency of Secant Young’s modulus on p. % —
Tatswoka(1990) and  Kohata(1995) reported £ **° s r o r
z B EE g
similar results  for  sand.  Therefore, the N ==
. . 2 = s
compacted soil also showed a small strain
level(elastic  deformation),  which  was  not
cnough to affect the sedimentation angle. The N "
Secant  Young's modulus  would only be  ° ot
- . g - iy PRI
related to the rigidity of a particle. Z
Fig. 9 shows the relationship between the §
secant shear resistance angle at peak shear Anial Brrsm o
stress (D) and 8. @ 6. Stress-Strain Relations
o w7 20kPa ’Emooo
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o

Deviator Stress q (kP33
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Fig 8. Relationship between Secant Young's
modulus and Mean principal stre:

55
The angle ® was caleulated by the following equation.

6, -6y)
{6, +64) m

1

where 6, is the m

jor principal stress and G is the minor principal stres

As the value of § increased from 0° (o 90° the angle(dp) also increased.
of the 10 hours compre

he angle (D)
imens appeared to be approximately 2 degrees lower than that
ed specimer The degrees of saturation of the 1 hour and 10 hour
o i were i v 60% and 63%, respectively. Thus, the decrease in
the strength over 10 hours would be related to the incrcase in saturation of the specimen,

sed sp

of the 1 hour compr

which also caused the decrease in suction.

In Fig. 9, the strength data on Ube decomposed granite soils prepared by the air plaviation
method has been indicated(Nakata ct al 1998). The angle(dae) of Ube appeared to be
approximately 10 to 15 degrees lower than that of Shimonoscki. On the basis of this



comparison, the influcnces of the sedimentation angle appear to be similar, irespective of the
sumple preparation method,

Fig. 10 represents the effect of the sedimentation angle shown by Tatsuoka et al.(1990),

who proposed the normalization of the shear resistance angle to that of the shear resistance
angle 90° 6, GEYE=%0"). The data for Toyowa sand, obtained by Oda ct al. (1978) and
shown in Fig. 10 appear to

Tatsuoka et al{1990), arc ulso shown in this figure. All specimens

have similar tendencies, in that the value of (GB)/PE=00%) increased with increasing 8,

cimens, such as the initial density, the confining stress, the
t.
mgement would remain near

although factors relating to the spe
condition of sedimentation and prepa

ation method, were differe

It w thought that the initial fabric ar v constant in alow
confining stress. As the confining stress inc

breskage, such that the effect of the sedimentation angle disappeared under high confining

sased, the particles were rearvanged by particle

siress.
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Fig 9. Relationship between shear resistance Fig 10. Relationship between ¢ (8)/ ¢(6=90°)
angles at peak shear and & and &

3.3 Discussion on initial fabric of compacted material

Lambe(1958) started a way of thinking about the structure of compacted soil, and although
many researchers have tried to examine the fabric{structure) of compacted soil {Seed ot al
1960} no consensus has been completely  established.  Attempts to observe the  fabric
arrangement of the specimens used in this paper using microscopy were made, but the fabric
anisotropy could not be confirmed. Generally, the fabie anisotropy of saturated sand due to
air-pluviation sedimentation has been known to develop in the direction of sedimentation.
Onitsuka and [Mayashi(1979) pointed out that the strength anisotropy of compacted sandy soils

was caused by the direction of fabric arrangement, as the direction of the fabric arrangement

was willing to oricntate perpendicularly to the compaction dircetion.

A. Conclusions

A series of unsaturated-drained triaxial compression tosts were performed on compacted

materials. The tests were planned to find the cffect of, not only the degree of anisotropy for

cted material, but also the influence of conlining stress, degree of

sedimentation angle of compe




suturation and spocimen preparation. method on the anisotropic  properti

The following
conclusions can be drawn from this study?
{1} The compression strains of specimens were strongly influenced by the sedimentation
angle,

Secant Young's modulus showed the same behaviour for all specimens, even with
different 8.

(3} The effects of the sedimentation ungle on the triaxial compression strength and
deformation were ¢l

r of a low confining stre

(4

The compacted specimen can be considered to have anisotropic mechanical propertics, the

same as the initial fabric anisotropy of sund.
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